The classical surgical technique for the resection of vestibular schwannomas (VS) has emphasized the microsurgical anatomy of cranial nerves. We believe that the focus on preservation of the arachnoid membrane may serve as a safe guide for tumor removal. Method: The extracisternal approach is described in detail. We reviewed charts from 120 patients treated with this technique between 2006 and 2012. Surgical results were evaluated based on the extension of resection, tumor relapse, and facial nerve function. Results: Overall gross total resection was achieved in 81% of the patients. The overall postoperative facial nerve function House-Brackmann grades I-II at one year was 93%. There was no recurrence in 4.2 years mean follow up. Conclusion: The extracisternal technique differs from other surgical descriptions on the treatment of VS by not requiring the identification of the facial nerve, as long as we preserve the arachnoid envelope in the total circumference of the tumor.
Facial nerve injury is a common complication in the treatment of vestibular schwannomas (VS) and its associated facial muscle palsy has a great impact in patients' quality of life 1 . This is the reason why functional preservation of the facial nerve is sought when managing VS with either radiosurgery or microsurgery. Several factors have been correlated with worse facial nerve function outcomes, including older patients, large tumors, and preoperative facial nerve function 2, 3, 4 . Although careful facial nerve dissection is pursued, anatomical preservation of the facial nerve is not synonymous of normal function 5, 6, 7 . Intraoperative monitoring of the facial nerve is the key for optimal facial nerve preservation, even though not all patients' clinical courses correlate with their intraoperative electrophysiological result 6, 8 . The classical descriptions of the surgical technique for VS removal has constantly emphasized the microsurgical anatomy in order to ease the identification of the cranial nerves and its relationship to the tumor capsule at the cerebellopontine angle (CPA). There are four classical steps in the surgical removal of acoustic tumors: (1) intracapsular tumor removal; (2) identification of the facial and cochlear nerves at the internal auditory canal (IAC); (3) nerve identification and dissection medially next to the brainstem; and (4) complete removal of the tumor under direct vision of those structures.
In the present study, we describe the technical nuances of the extracisternal approach for removal of VS, discuss its advantage, and report our results. Based on the relationship of the tumor with the complex arachnoid membranes at the CPA, we propose a change of the paradigm of the surgery. Instead of identifying and using the facial nerve as a surgical anatomical landmark, we perform the dissection inside the tumor preserving an arachnoid envelope that protects facial and cochlear nerves during tumor removal. The goal is to obtain an arachnoid veil at the CPA after the tumor removal, where the facial nerve is barely seen through it. The lesser exposure of the facial nerve the better is the functional result.
METHOD
The extracisternal approach was described in detail in a retrosigmoid craniotomy. We retrospectively reviewed charts from 120 patients treated for VS with this technique by the same neurosurgeon (EASV) at private hospitals in Sao Paulo (Brazil) between 2006 and 2012. Patients with documented neurofibromatosis type II, preoperative facial nerve palsy and any previous treatment with microsurgery or radiosurgery were excluded from the analysis.
Preoperative evaluation included complete neurological examination, brain magnetic resonance imaging (MRI) and audiometry. Tumor size was designated based on the maximum extra-meatal diameter. Surgery was indicated in patients with tumor size greater than 20 mm independently of age, patients younger than 50 years old with any tumor size, and in patients with age greater than 50 years old with increasing tumor size while on the "wait and scan" management. The retrosigmoid suboccipital craniotomy was the preferred approach and routine intraoperative neurophysiologic monitoring was performed.
We divided patients in five grades according to the extrameatal tumor size (0-10 mm, 11-20 mm, 21-30 mm, 31-40 mm and .40mm) 9 . Surgical results were evaluated based on the extension of resection, tumor relapse, and facial nerve function.
Gross total resection (GTR) was designated when no tumor was knowingly left behind; near-total resection (NTR) was applied when a tumor remnant smaller than 5x5x2 mm was intentionally left in situ to lessen neurological morbidity; and subtotal removal (STR) was used when anything more was left behind 10 . The tumor relapse was evaluated with follow up brain MRI at two months, one year, two years and five years after the surgery. Significant regrowth was defined as residual tumor fragment expansion of at least 5 mm from the postoperative size. Not all patients had a five years follow up due to the recent procedures, however all patients have at least one-year follow up for the evaluation of tumor recurrence and facial nerve function. Any postoperative complications were noted.
Facial nerve function was analyzed at the immediate and at one-year postoperative period according to the HouseBrackmann (HB) classification 11 . HB I-II were defined as good outcome, HB III as regular outcome and HB IV-V-VI as poor outcome.
RESULTS

Surgical technique
The principles of the extracisternal dissection are reproducible in any surgical approach for VS (suboccipital retrosigmoid or translabirynthine). As the retrosigmoid craniotomy was the most commonly used, it is the chosen approach for the technique description.
The patient is positioned in supine with rotated shoulders 30 degrees and the head tilted 45 degrees to the contralateral side. After a classical suboccipital craniotomy limited laterally by the sigmoid sinus and superiorly by the transverse sinus, the dura is opened in a laterally convexed "C" shape. Drainage of cerebrospinal fluid (CSF) from basal cisterns facilitates tumor exposure in the CPA and visibility of the posterior wall of IAC with only mild cerebellar retraction.
The IAC is initially opened with a cutting burr after displacing of the dura, then a diamond burr is used to extent it laterally to the limit of the tumor. In order to prevent hearing loss, the limits of the vestibular duct are respected. When the patient's anatomy is not favorable for an extensive bone removal without entering the bone labyrinth, a 70 degrees oto-endoscope is used to visualize the fundus of the IAC. During removal of posterior lip of the IAC, one should be aware of a high jugular bulb that sometimes disturbs the exposition. An arterial loop of the AICA can also be adherent to the dura and must be dislocated with the dural flap in order to have a complete tumor exposure.
Tumor removal may be initiated at either the CPA or at the ICA, depending on the tumor size and its extension into the IAC. It is important to postpone to the end of the surgery the removal of the portion near the porus acusticus, where there is greater adherence between the tumor and the cranial nerves.
After opening of the dura and complete the tumor exposition in the IAC, a gentle debulking with an ultrasonic surgical aspirator allows better handling of the VS in the narrow space. With a dissector, tumor is separated from the arachnoid that involves the nerves, and pulled in lateral to medial direction towards the porus acusticus.
Once the IAC portion of the VS is removed, the dissection takes part in the CPA. This is an important surgical step of the extracisternal approach and depends on the identification of the correct arachnoid plane of dissection. Exposure of the posterior capsule is achieved retracting the arachnoid that continues with the cerebellar parenchyma. It must be noted that the capsule, at this moment, is still covered with a glittering membrane that represents the arachnoid that follows the tumor in the CPA. If we remove the tumor lateral to this membrane, we will come across the neural structures in the CPA cistern, with no arachnoid protection.
We proceed with tumor debulking to ease the dissection in its whole circumference from the arachnoid membrane. The goal is to obtain a thin capsule that can be bended and separated from the correct arachnoid plane. Electrophysiological monitoring and surgical ultrasound aspirator are used to avoid traction of the nerves during tumor manipulation.
In our experience, it is easier to find the dissection plane between tumor and arachnoid at the posterior region near the porus, in the superior or inferior portions, where the arachnoid is thicker or the vestibular nerves may be used as a guide. Part of this membrane is formed by the vestibular nerves that can be identified in smaller tumors. Vessels are normally displaced anteriorly with the arachnoid membrane, in a way that the tumor capsule remains opaque and devascularized ( Figure 1 ). Once the correct plane is achieved, a blunt dissection with a micro-suction tube with low power aspiration is performed until there is only a small residual tumor anterior to the porus. In large VS, the same strategy is used and progressed in a stepwise manner around the tumor, focusing on keeping the plane of dissection. Specifically in large tumors, the membrane can be disrupted during removal due to tight adhesions in some parts of the capsule. Changing the direction of dissection and continuing with the same technique prevents from losing the correct plane. A sharp dissection is recommended near the porus acusticus, due to an arachnoid duplication and greater adherence of the tumor.
In the classical technique, the dissection is done in an inferior to superior direction to not cross with the facial nerve. In our technique, the dissection is easier performed and focused where the membrane is looser. The tumor relationship with the facial nerve is not our main concern and is not the focus of the procedure. In most cases the nerve is displaced anteriorly with the arachnoid membrane and protected by it (Figure 2 ). After total removal, an envelope of arachnoidal sheath covering the nerves in the CPA cistern can be identified (Figures 3 and 4) . In order to check for any residual tumor or any opening of mastoid air cells, the fundus of the IAC is inspected with a 70-degree oto-endoscope and filled with muscle and fibrin glue. After dural closure, a vascularized flap from sternocleidomastoid muscle is used to close mastoid air cells that were opened during craniotomy in order to prevent CSF fistula.
Patients characteristics
Of the 120 patients treated, 8 patients were excluded based on criteria: four patients with neurofibromatosis type II, one patient previously treated with radiosurgery, and three patients previously operated by other surgeons with facial nerve palsy.
The extracisternal microsurgical resection was the first treatment of the remaining 112 patients. The age range was 16-80 years at the time of surgery (average 46 years), extrameatal tumor sizes ranged from 5 to 45 mm (average 22 mm), and follow-up durations ranged from 1.0 to 7.4 years (average 4.2 years).
Tumor removal
The 112 patients treated with surgery as first therapy were divided according to the extra-meatal tumor size: Class 1 (0-10 mm) with 9 patients (8.04%), Class 2 (11-20 mm) with 52 patients (46.43%), Class 3 (21-30 mm) with 33 patients (29.46%), Class 4 (31-40 mm) with 11 patients (9.82%) and Class 5 (.40 mm) with 7 patients (6.25%).
The extent of tumor resection was classified as GTR, NTR or STR. In Class 1, GTR was achieved in 100% of the patients. In Class 2, 96% of GTR and 4% of NTR was achieved. Class 3 consisted in 79% of GTR, 18% of NTR and 3% of STR. Class 4 patients had a 55% of GTR, 36% of NTR and 9% of STR. There were no GTR in Class 5 patients, with 86% of NTR and 14% of STR. Overall GTR was achieved in 91 (81%) patients, NTR obtained in 18 (16%) patients and STR in 3 (3%) patients (Table 1 ). (1) 14% (1) 3% (3) GTR: gross total resection; NTR: near-total resection; STR: subtotal removal.
Facial nerve function
At the immediate postoperative period, good outcomes (HB I-II) of facial nerve function were present in all Class 1 patients, 87% of Class 2, 64% of Class 3, 82% of Class 4 and 29% of Class 5 patients. Regular outcomes (HB III) were present in 10% of Class 2, 24% of Class 3, 9% of Class 4 and 29% of Class 5. Poor outcomes (HB IV-V) were present in 4% of Class 2, 12% of Class 3, 9% of Class 4 and 43% of Class 5 patients. There were 4 cases of postoperative delayed facial paralysis (onset usually at 8 days after surgery) that improved uneventfully. None of the patients presented with HB VI facial nerve dysfunction One year after the surgery, facial nerve function improved in all groups and presented good outcomes in 100% of the cases in Classes 1 and 2 VS, 88% in Class 3, 100% in Class 4 and 43% in Class 5. Regular outcomes were present in 9% of Class 3 and 29% of Class 5. Poor outcomes were present in 3% of Class 3 and 29% of Class 5 patients. Overall, facial nerve function HB grades I and II at one year was 93% (Table 2) .
Complications
We observed a few complications with variable causes ranging from incision infection to pulmonary embolism, but no deaths ( Table 3 ). The overall CSF fistula rate was 8,9%. Since 2008, a systematic closure is performed with a sternocleidomastoid muscle flap. If we analyze the CSF fistula after the implementation of this closure technique, the rate drops to 2,7%.
DISCUSSION
The dramatic evolution of results in the VS surgery in the past decades has been credited to early diagnosis, improvement in neuro-anesthesiology, intraoperative cranial nerve monitoring and development of microsurgical techniques 12, 13, 14 . However, surgeons still pursue the ideal management of VS due to the importance of facial nerve function in the patients' quality of life 15 . The knowledge of microsurgical anatomy played an important role decreasing morbidity and mortality rates. The classical surgical technique of tumor debulking and individualization of the neural structures in its most lateral and medial portions was based on the anatomical descriptions of the nerves in the internal auditory canal and on the brainstem surface. Many anatomical reports described important intraoperative references in order to facilitate the identification of the cranial nerves proximal and distal to the tumor, allowing its removal under direct vision of neural structures 12, 13, 14 . Despite good anatomical knowledge, finding the proximal facial nerve may be difficult, particularly in large tumors.
The technical nuance described in this article permits removal of the tumor without a direct visualization of the facial nerve, as long as the arachnoid plane in the whole circumference of the tumor is respected. The avascular dissection plane was identified in all cases. Even in large VS, the strategy of dissection was the same but performed in a stepwise manner around the tumor. The importance of the preservation of arachnoid around the nerves in acoustic neuroma surgery has been established since Olivecrona in 1949 16 . However, the cisternal arachnoid membranes anatomy and its relationship with cranial nerves are controversial, especially because of the difficulty preserving the membranes on cadaveric specimens. The epiarachnoid or subarachnoid origin of VS has been subject of discussion and the presence of an arachnoid surgical plane between tumor and cranial nerves questioned by some authors 17, 18, 19, 20, 21, 22, 23, 24, 25 . This is not what we have experienced during the surgical procedures, where the arachnoid membrane is used as a protection to preserve the facial nerve anatomically and functionally. We believe in a more complex arachnoid anatomy at CPA with multiple layers and different extension into the IAC, which needs to be further studied.
It is known that the results on VS surgery depend more on the individual surgeon's experience than on the advantages or disadvantages of a particular approach 26 . However, it is our hypothesis that the application of the extracisternal technique may reduce the surgeons' learning curve and improve VS surgical results. The results achieved by our team with overall GTR in 81% and good facial nerve function in 93% of the patients are among the best reported in the recent literature 6, 26, 27, 28, 29, 30 . We believe that the technical nuance described has a major role on the outcome due to the minimal facial nerve manipulation and mobilization.
In conclusion, the extracisternal technique differs from others, as we do not have to expose the facial nerve at the medial part of the tumor, as long as we can preserve a whole envelop of arachnoid in the total circumference of the tumor. The best results we experienced are the cases that we cannot directly see the facial nerve after tumor removal. Better anatomical studies are required to understand the complex anatomy of the arachnoid membranes at CPA, however, this technical nuance has improved our surgical results.
